The influence of swirling flow on distribution of wall heat transfer on a flat plate with helicoid swirl inserts is experimentally studied. The focus of the study is on the swirling effect imposed by helicoid surfaces. Six helicoid swirl inserts of single vane, double vanes and triple vanes with swirl number (Sw) of 0.75 and 1.1 are used in this study. The heat transfer measurements are made for the Reynolds number range of 12700 -32700 and for the nozzle exit to impinging plate distance (H/D) of 1, 2, 3 and 4 using thermo chromic liquid crystal technique. The swirling impinging jet is also compared with circular impinging jet on the heat transfer performance. The obtained experimental results provide the information on the behavior of single, double and triple helicoid swirl inserts on the heat transfer performance. The experimental values are analyzed with multi objective optimization technique of principle component analysis by computing multi response performance index (MRPI). Their performance is presented in terms of heat transfer rate through evaluation of Nusselt number on the impinging surface and heat transfer uniformity and decay of Nusselt number. The principle component analysis reveals that the double helicoid with higher H/D ratio improves performance of the swirling jet with relatively higher computed MRPI. It is found from the analysis of variance (ANOVA) that the H/D ratio contributes significant effect on the output followed by number of helicoid vanes and swirl number.
INTRODUCTION
Impinging jets are being used for heat transfer enhancement in the engineering applications such as cooling of hot steel plates, electronic components, turbine blades, glass tempering and drying of food products and papers. The flow characteristics of circular impinging jet (Dae et al., 2004) depends on the diameter of the nozzle and nozzle to impinging surface distance can be categorized according to Viskanta (1993) as free jet region, impingement region (stagnation region) and wall jet region as shown in Fig.1 . In the free jet region, the emerging jet creates shearing at the edges due to velocity gradient that produces outward momentum laterally, raising the mass flow of the jet. The free jet region consists of a potential core zone (Viskanta, 1993) where its velocity remains constant and is equal to exit jet velocity. The potential core length depends on the intensity of turbulence at flow exit and initial velocity profile. The stagnation region is characterized by the impingement zone where the jet builds up a higher static pressure on the impingement surface and turns radially. In the wall jet region, the jet spreads in radial direction and its velocity decreases with increasing radial distance from stagnation region. In the case of circular impinging jet, high heat transfer rates are associated in the stagnation region due to thin boundary layer and rapid decay of heat transfer in wall jet region caused by the further development of boundary layer which produces non uniform heat transfer on the impinging surface. In some applications like cooling of electronic components, a higher rate of heat transfer with radial uniformity is required.
Heat transfer and flow characteristics of impinging jet have been studied by many authors. Huang et al. (1998) studied the heat transfer and flow characteristics of circular and swirling impinging jets for nozzle to plate distances of 12.7 mm, 25.4 mm, 50.8 mm and 76.2 mm. They used cylindrical insert with four narrow grooves as a swirl device (swirl angle θ = 15°, 30° and 45°) and reported that radial distribution of Nusselt number is more uniform for swirling flow than for non swirling flow at higher swirl angle and larger nozzle to plate distances. Wae-Hayee et al. (2015) studied heat transfer and flow characteristics of in line round impinging jet with the cross flow effect of fixed jet velocity (Re = 13400) and varying cross flow velocity (jet velocity/cross flow velocity, VR = 3,5 and 7). They reported that the interaction of impinging jet and cross jet enhances stagnation Nusselt number and it is highest at VR = 3 with reduction in average Nusselt number distribution. Yuan et al. (2006) experimentally studied CO2 jet impingement for the Reynolds number range of 7500 -28300 and reported that the swirling flow significantly improves radial uniformity on the impinging surface. Their study is limited to fixed swirling angle and nozzle to plate distance. Dae et al. et al. (2002) examined the Nusselt number variation on a heated surface with swirling impinging jet using vane type swirl generator with swirl number varying from 0 to 0.77 and found better uniformity in heat transfer at higher swirl number Sw = 0.77 reporting that the swirling effect is insignificant at larger nozzle to plate distance (H/D = 10). Fenot et al. (2015) conducted heat transfer studies on multi-channel impinging jet by comparing heat transfer distribution from a hot jet issued from a circular nozzle and a swirling nozzle with Sw = 0 and 0.26. They reported that the Nusselt number increases for the swirling impinging jet at lower separation distance (H/D =1) and it decreases with increasing separation distance (H/D = 6) compared with circular jet. Bakirci and Bilen (2007) evaluated heat transfer rate on the impinging surface using swirl insert having four narrow slots on its surface with swirl angles 0°, 22.5°, 41° and 50° reporting that the location of heat transfer peaks radially moves away from the stagnation point with increasing swirl angle. They concluded that lower Reynolds number (10,000) and higher nozzle to surface distance (H/D = 14) exhibit more uniform Nusselt number distribution with reduction in its magnitude. Luai M. Al-Hadhrami (2010) investigated the heat transfer characteristics of staggered impinging jet on inclined target surface for three different exit flow cases (coincident and opposed with the entry flow and combined: cases 1 2 and 3 respectively) with Reynolds number Re = 9400,14400,18800 and feed channel aspect ratio of 5,7 and 9. He reported that due to smaller cross flow effects case 1 and case 3 exhibit higher average Nusselt number distribution compared with case 2 and the influence of feed channel aspect ratio is marginal on the heat transfer rate on the impinging surface. Andrea Cardone (2012) studied heat transfer distribution on a flat surface using helical inserts of swirl number Sw = 0, 0.2, 0.4, 0.6 and 0.8 and reported that at fixed H/D distance, increasing the swirl number broadens the impingement region and decreases the heat transfer rate. Yang et al. (2010) examined the wall pressure, flow and heat transfer characteristics of round and swirling jets. They conducted experiments with fixed Reynolds and swirl numbers (Re = 7000, Sw = 0.92) at varying separation distances (H/D = 0.3-8.1) reporting that at short and intermediate H/D distances the reverse flow streams are evident and at the increasing H/D distance the reverse flow streams combine to form a single stream. Koichi et al. (2010) presented the heat transfer characteristics of swirling impinging jet in laminar region (Re = 2000) . The swirl flow was created by supplying air into three passages (one axial and two angular air supply on either sides).
They used varying swirl number (Sw = 0.3,0.6,1.08) with fixed H/D distance and reported that the flow acceleration and flow mixing near the impinging surface by swirl enhance the heat transfer whereas the rising flow and the recirculating flow reduce the heat transfer. Ting Wang et al. (2005) experimentally studied the heat transfer performance of an array of impinging jet using liquid crystal technique (Re = 1039 -51750) and interpreted the cross flow effects on the array of jet impingement heat transfer at fixed H/D distance. They reported that increased cross flow reduces the heat transfer rate and increases uniformity. Nuntadusit et al. (2012) examined the heat transfer and flow characteristics of swirling impinging jet using twisted tape inserts of swirl number Sw = 0,0.4,0.62,0.78 and 0.94 and reported that high heat transfer is obtained for Sw = 0.4 than circular impinging jet and it has diminished for larger swirl number (Sw = 0.78 and 0.94). Eiamsa-ard et al. (2015) investigated heat transfer characteristics of swirling jet with co and counter dual twisted tape inserts (CO-DSIJ and C-DSIJ) of varying twist ratio. They examined the effects of jet with Reynolds number range of 5000 -20000 and H/D distance of 1 to 8 and reported that the heat transfer increased with increased twist ratio for CO-DSIJ and C-DSIJ without baffle and it was reverse for CO-DSIJ and C-DSIJ with baffle. Yan et al. (2004) carried out heat transfer study of array of elliptical impinging jet with the aspect ratio AR = 0.25,0.5,1,2,4 and Reynolds number = 1500, 3000 and 4500 and reporting that axial shift of impingement location occurs at aspect ratio AR > 1 and the axial shift at the upstream is due to inertia of jet while at the downstream is due to cross flow effect. Gioacchino et al. (2014) 
EXPERIMENTAL SETUP
The experimental setup is shown in Fig. 2 . The air is drawn by a 1.5 HP high pressure blower and subsequently supplied to a smooth horizontal pipe through a heater and a venturi meter. The air temperature in the pipe is maintained at 35°C using heater and PID temperature controller with pt-100 temperature sensor. The flow rate of air is controlled by a flow regulating valve and its discharge is measured by the venturi meter connected with U tube manometer.
Fig. 2. Experimental setup.
The main pipe connecting upstream and downstream of the venturi meter has the length of 20 D and 15 D respectively to minimize fluctuations in flow past the bend and change in cross section. The pipe into which the swirl device inserted is smooth transition pipe (stainless steel) having an inner diameter of 31 mm and length of 830 mm. The outer surface of the pipe is insulated to minimize heat losses. The jet leaving the nozzle pipe impinges perpendicular to the surface as shown in Fig. 2 . The impinging surface consists of an electric heater sheet, a thin stainless steel sheet and a TLC (thermo chromic liquid crystal) sheet. The stainless steel sheet has a size of 300 x 300 x 0.03 mm 3 and the TLC sheet has a size of 300 x 300 x 0.1 mm 3 . The electric heater sheet and stain less steel sheet are clamped by screws over the surface of acrylic plate of size 450 x 450 x 12 mm 3 . The TLC sheet is firmly pasted over the stain less steel foil ensuring no air gap and it is directly facing the impinging jet. A calibrated DC power unit (PSD 3203 -Scientific MesTechnik Ltd.) with voltage and current range of 0-30 V and 0-3 A respectively is used to supply uniform heat to impinging surface. A Canon camera (EOS 600D) is employed for obtaining the images of TLC. The swirl insert used in the current study consists of helicoid surface that wraps over the cylindrical part as shown in Fig.3 . The first insert consists of single helicoid ribbon whereas the second and third kind of inserts having two and three helicoid ribbons that are spaced 180° and 120° apart respectively. These helicoid inserts are made of polymer by using rapid prototyping machine having the average surface roughness of 5μm. The degree of swirl generated by the helicoid surfaces is determined by swirl number (Sw) which is given by Gupta et al. (1985) 
where D is the outside diameter of helicoid vane, d is the diameter of helicoid vane hub and ϕ is angle of helicoid vane.
CALIBRATION OF TLC SHEET
The calibration rig consists of an acrylic plate (400 x 400 x 12 mm 3 ), aluminium plate (300 x 300 x 3 mm 3 ), heater and TLC sheets. Eight calibrated K-type thermocouples are placed on the grooves of the Aluminium plate by an adhesive acting as a thermally conductive paste. The thermocouples are connected to NI 9213 data acquisition system and the terminals of the heater are connected to the power supply unit as shown in Fig. 4 .
Hallcrest (R35C1W) TLC sheets are used in this study. The bandwidth of the TLC defined by the Hallcrest is in temperature range between red start (35°C) and blue start (36°C). However, the bandwidth of TLC sheet is the range of temperature between red start (35°C) and clearing point temperature (49°C); while heating below 35°C, the sheet is black and when it reaches 35°C, it starts changing with red in color, between 35.2°C and 36°C it is green and blue in the range 36°C -49°C. The aluminum plate is heated from 35°C to 48°C and its average temperature is measured via eight thermocouples located on the grooves. The color of the TLC and temperature of thermocouples are simultaneously recorded when the temperature reaches steady state. The normalized hue value with measured temperature are given in Fig. 5 . 
DATA REDUCTION
The temperature distribution of the impingement surface is recorded by a digital camera and the color pattern in RGB (red, green, blue) color domain is converted to HSI (hue, saturation, intensity) using image processing technique. According to Gonzalez et al. (2013) , hue denotes pure color and saturation represents degree to which color is diluted by white light whereas intensity refers to brightness. In view of this, the normalized hue value of TLC versus temperature is plotted and presented in Fig.5 . The change of color of TLC sheet is strongly related with temperature for the hue values ranging from 0.41 to 0.693 is considered to be the region of interest. A polynomial fit is used to correlate temperature with hue value. The hue value of TLC is converted into its surface temperature using the correlation. Considering the energy balance on the impinging surface, the heat transfer coefficient due to forced convection by the impinging jet and Nusselt number are evaluated using the Eqs. (2) and (3) respectively. It may be noted that the heat transfer coefficient is evaluated on different radius r with the predetermined center positioned at the intersection of axis of jet and impinging surface.
in cond free conv rad is emissivity of TLC sheet (= 0.9 Geers et al. 2008) . Based on the experimental results, the convection and radiation losses are estimated as 8.92% and 9.94% of total imposed heat flux whereas the heat loss due to conduction is 2.50% of total heat flux which are comparable with Eiamsa-ard et al. (2015) . The heat transfer rate on the impinging surface is presented interms of Nusselt number versus dimensionless radial distance, r/D.
UNCERTAINTY ANALYSIS
An uncertainty analysis is performed using Kline-Mc Clintock method (Holman, 2007) and the equation used for calculating the uncertainty is given below
Where h , Q , A, Ts and Tj are the convective heat transfer coefficient, heat input, area of impinging surface, average temperature of the impinging surface and temperature at jet exit respectively and is the error in the measurement. The maximum uncertainty in the Nusselt number for single helicoid (Sw = 1.1) at H/D = 4 and r/D = 4.13 for Re = 12700 is 4.2%. The present estimates are based on 95% (20:1 odds) confidence level.
VALIDATION OF RESULTS
Since different types of swirl generators even with equal swirl strength do not have the same flow field farther downstream according to Gupta et al. (1985) and the selection of particular shape and type of swirling insert significantly affect the magnitude of heat transfer, the obtained experimental values of circular impinging jet are compared with the literature data. The Nusselt number values for Re = 23100 at r/D = 2 (calculated with Re 0.67 according to Goldstein et al., 1986) presented for circular impinging jet are compared with previous studies (Dae et al. 2002 , Yuan et al. 2006 , Tadhg S. O. Donovon and Darina B. Murray, 2007 as shown in Fig.6 and a fairly good agreement can be seen. (Figs. 7a and 8a ). The increase in Nusselt number at shorter H/D distance is partially related to an increase in exit velocity of the swirling jet due to reduction in flow area with the presence of insert as reported by Andrea Cardone (2012) causing higher turbulence, whereas lower intensity of turbulence at the exit of circular jet causing an increase in potential core length resulting in uniform velocity as reported by Viskanta (1993) and Alimohammadi et al. (2014) . When the separation distance (H/D distance) increases the increase in Nusselt number in the impingement region is observed for CIJ compared with swirling jet. This is due to the fact that the velocity of circular jet is uniform as the potential core length increases with increasing separation distance whereas enhanced mixing and turbulence due to interaction of swirling jet resulting in decrease of jet arrival velocity near the impinging surface. The swirling jet produces increased uniformity in heat transfer over the impinging surface with reduction in its magnitude compared with the circular jet at increased separation distances (H/D). The increased uniformity in heat transfer is due to the higher spreading rate of swirling flow as assessed by Dae et al. et al. (2002) .
The Nusselt number is higher in the region corresponding to 0 ≤ r/D ≤ 0.7 for swirling flow of Sw = 0.75 at H/D = 1 as presented in Fig.7a . With minimal swirling effect at shorter H/D distance as reported by Andrea Cardone (2012) , the increase in heat transfer in this region is due to increased mixing and turbulence of jet besides increased jet velocity at the exit as discussed earlier. The jet of the single helicoid maintains its original momentum with relatively lower spreading rate resulting in higher average Nusselt number distribution compared with double and triple helicoids. Beyond the region r/D = 0.7 the Nusselt number decreases radially due to the boundary layer development caused by an increase in velocity gradient resulting in reduction of Nusselt number.
The average Nusselt number distribution of swirling jet over the impinging surface at H/D = 2 decreases compared with H/D =1 as shown in Fig.7b for Sw = 0.75. This is attributed to the fact that the swirling jet losing its momentum when increasing the H/D distance as reported by Dae et al. et al. (2002) in their study for Sw = 0.44 and 0.77. The jet of triple helicoid insert produces relatively higher Nusselt number in the region corresponding to 0 ≤ r/D ≤ 1 compared with single helicoid and double helicoid. This is due to the fact that the swirling effect of multiple vanes spreads the jet radially outward through the surrounding air while it approaches the impinging surface. This swirling effect and increased velocity on the outside surface of jet entrain relatively more surrounding air on the impinging surface increasing the heat transfer rate as reported by Huang and El-Genk (1998) . The high flow velocity at the exit of the pipe is caused by reduction in the flow area due to the presence of helicoid insert as reported earlier. The average Nusselt number distribution of jet leaving with triple helicoid insert is 12.96%, 0.77% higher than single and double helicoid inserts respectively. The stagnation Nusselt number further reduces for swirling flow at H/D = 3 as presented in Fig.7c for Sw = 0.75. This is attributed to the fact that weakening of the axial flux of swirl momentum due to mixing of spreading jet at increased H/D distance as reported by Dae et al. et al. (2002) . The Nusselt number is minimum at the stagnation region for H/D = 3 and increases radially reaching its maximum value at r/D = 1.57,1.3 and 1.23 for single, double and triple helicoid inserts respectively. This is due to the fact that the swirling flow with high swirl number produces an axial pressure gradient near the exit of pipe that causes axial recirculation zone as reported by Andrea Cardone (2012) . This phenomenon is known as vortex break down as stated by Panda and Mclaughlin (1994) and also shown by Yang et al. (2010) by PIV measurements.
The vortex break down (axial recirculation) causes low heat transfer zone at the centre of the impinging area resulting in lower stagnation Nusselt number as assessed by Andrea Cardone (2012) (Fig.8a) in the region 0 ≤ r/D ≤ 0.5 when compared with Sw = 0.75 (Fig.7a) at H/D = 1. This is due to the fact that enhanced turbulence of jet at higher swirl. It is observed from the result that the swirl effect is evident at higher swirl causing entrainment of surrounding air by the jet leaving triple helicoid resulting in higher average Nusselt number distribution in the entire region. The phenomenon of vortex break down is observed for double and triple helicoids causing lower Nusselt number at the stagnation region and an increase gradually beyond this region till at r/D = 0.63 and 0.77 respectively. Besides stronger swirl, the swirling effect is more evident than Sw = 0.75 (Fig.  7b ) in the impinging region with sufficient space for the jet leaving the nozzle pipe to spread at H/D = 2 as shown in Fig.8b for Sw = 1.1. The stronger swirl causes an axial pressure gradient resulting in vortex break down for the jet leaving double helicoid and triple helicoid. A significant decrease in stagnation Nusselt number is observed for the swirling impinging jet when compared with H/D = 1. This is attributed to the weakening of axial flux swirl momentum as discussed earlier.
The phenomenon of vortex breakdown is apparent for the swirling impinging jet at H/D = 3 causing lower Nusselt number at the stagnation region and an increase till at r/D ≈ 1.1,1.43 and 1.23 respectively as presented in Fig.8c for Sw = 1.1. The swirling jet of triple helicoid entrains more ambient air on the impinging surface resulting in relatively higher value of Nusselt number compared with single helicoid and double helicoid as reported earlier. The effect of swirl is rarely seen beyond the region r/D = 3.5 (Dae et al. et al. 2002 and Bakirci and Bilen 2007) . The average Nusselt number distribution of single, double and triple helicoids reduces by 2.4%, 13.7% and 16.5% than H/D = 2. This is due to the fact that the lower tangential momentum at increased H/D distance as reported earlier. While increasing the nozzle exit to impinging surface distance (H/D = 4), the swirling jet broadens the impinged area with further reduction in Nusselt number compared with H/D = 3 as shown in Fig.8d for Sw =1.1. At higher swirl, the strong swirl momentum of jet leaving single helicoid of Sw = 1.1 causes higher spreading rate resulting in uniform distribution of Nusselt number in the region corresponding to 0 ≤ r/D ≤ 2 whereas there is no uniformity for single helicoid of Sw = 0.75 probably due to lower swirl momentum causing mixing of spreading jet at H/D = 4. Figure  8d shows that the axial pressure gradient becomes stronger with increased swirl number compared with Sw = 0.75 (Fig. 7d) as reported by Andrea Cardone (2012) causing axial recirculation zones for the swirling jet. The Nusselt number value at the stagnation region is maximum for single helicoid for the given Reynolds number at H/D = 1 (Fig.9a) and it decreases for increasing radial distance and the Nusselt number is highest in the stagnation region for the double and triple helicoids ( Fig. 9b and 9c) for Re = 12700, 17900 and 23100 whereas the phenomenon of vortex breakdown is observed for double and triple helicoids for Re = 28300 and 32700 causing lower Nusselt number at the stagnation region and marginally increases till at r/D = 0.5 -0.63 as the jets spread. A Steep decrease in Nusselt number beyond the stagnation region is observed for single helicoid at H/D = 2 (Fig.9d) . This is more intense for Re = 28300 and 32700. The phenomenon of vortex break down is evident for double and triple helicoids (Figs. 9e and 9f) for Re = 32700 causing lower Nusselt number at the stagnation region with a marginal increase at r/D ≈ 1 and r/D ≈ 0.83 respectively. The impinging area is more broadened thereby increasing the uniformity of Nusselt number distribution at H/D = 3 as shown in Fig. 9g , 9h and 9i. This is probably due to strong swirl momentum with sufficient separation distance resulting in higher spreading rate of flow. The Nusselt number peak is observed for the swirling jet and the peak is more intense when the Reynolds number increases as shown in Fig. 9g, 9h and 9i. Moreover, the triple helicoid produces more steep rise in Nusselt number from the stagnation region compared with single helicoid and double helicoid. This is due to the intense axial pressure gradient caused by strong swirl resulting in axial recirculation zone as reported earlier. When increasing the separation distance further (H/D = 4), there is a steep fall in the Nusselt number distribution from the stagnation region causing non uniform heat transfer over the impinging surface for single helicoid jet as shown in Fig.9j . This is due to the jet leaving the single helicoid losing its momentum with increased separation distance causes mixing of spreading jet resulting in non uniform distribution of Nusselt number as reported earlier and it is more intense at higher Reynolds number. On the contrary, the jets leaving double helicoid with strong swirl momentum cause higher spreading rate producing relatively more uniform cooling as shown in Fig. 9k . The strong swirl effect of jet leaving triple helicoid causes axial pressure gradient resulting in vortex break down and it is more intense at Reynolds numbers 28300 and 32700 at H/D = 4 as shown in Fig. 9l .
Effect of Number of Helicoid Vanes on Varying Reynolds Number

OPTIMIZATION USINGPRINCIPLE COMPONENT ANALYSIS
Principle component analysis is a multivariate technique which is applied when interdependence exists among the set of variables, (Miszczyk and Kazimierz Darowicki 2016) summarizes the information present in the existing variables interms of smaller number of uncorrelated groupings with minimum data loss (Manwendra K. Tripathi et al. 2015 and Elangovan et al. 2011) . It develops first principle component accounting the largest variation in the data set (Lee Ing Tong et al. 2005 ) and subsequent components account for as much of the remaining variance as possible. In order to obtain optimal performance of swirling jet, the experimental values are employed in a multi objective optimization technique of principle component analysis.
The experimental design matrix of 72 trials is obtained by considering four levels of one parameter, two levels of another parameter and three levels for rest of the parameters as given in Table 1 . Nusselt number decay, non uniformity index (calculated according to Ting Wang et al. 2005) and average Nusselt number distribution are the experimental values of the selected parameters in this study. The Signal to Noise (S/N) ratio is considered to formulate smaller the better and larger the better concepts as the Nusselt number decay and non uniformity index are desired to be lower and the average Nusselt number distribution to be higher to meet the optimal performance. The normalizing sequence of S/N ratio is obtained before carrying out principle component analysis.
The S/N ratio of the response is calculated using the Eqs. (8) and (9) Smaller the better :
Larger the better :
where N is number of experimental samples and si is measured ith sample.
The method involved in the principle component analysis is given below.
Step 1 
Fig.10. Main effects Plot for MRPI.
Where y is Normalized Signal to Noise ratio of measured responses, m the number of experimental trial and n is the number of responses.
Step 2: Evaluating correlation coefficient -The correlation matrix S is obtained by evaluating correlation coefficient as given by The first principle component is βm1 and the second principle component is βm2 (Kamran Zeinalzadeha and Elnaz Rezaeib, 2017) and so on.. With respect to the variance, the principle components are arranged in descending order and first principle component m1 β accounts for large part of the variance.
The principle component analysis is carried out as discussed in this section. The eigenvalues and the corresponding eigenvectors are evaluated with their percentage proportions given in Table 2 . The principle component of each response is determined using the Eq. (14) and subsequently the multiple response performance index (MRPI) is obtained by adding up all the principle components (Saurav Datta et al. 2009 ) for each trial.. The optimum parameter level is determined by calculating the average value MRPI for each individual parameter and is given Table 4 .
The main effect plot for MRPI (Fig.10) shows that its magnitude increases with increase in H/D ratio and it is marginal for increase in Reynolds number whereas the value of MRPI decreases with increase in swirl number. The MRPI is relatively higher for the double helicoid vanes compared with rest of the vanes. Fig. 11 shows the interaction plot obtained from average MRPI of each parameter. The influence of a parameter over rest of the parameters can be identified by an interaction plot as shown by Senthilkumar et al. (2014) . The non parallel lines in the interaction graph between H/D ratio, number of vanes and swirl number depict significant relation among these parameter. The MRPI is relatively higher for double helicoid vanes and it increases with an increase in H/D ratio for the specified Reynolds number whereas it decreases with an increase in swirl number as shown in Fig.11 . The MRPI increases with an increase in Reynolds number for the given number of vanes (Fig.11) and decreases with an increase in swirl number. In addition, the MRPI increases for double and triple helicoid with increase in H/D ratio whereas it decreases for single helicoid at H/D ratio of 4.
The MRPI is relatively higher for double helicoid vanes for the given swirl number and it increases with H/D ratio for Sw = 0.75 and marginally reduces at H/D ratio of 4 for Sw = 1.1.
The ANOVA and F test (Rudolf J. Freund et al. 2006) are performed to validate the model adequacy. The terms of the model are statistically Table 5 . The F statistic compares the variance between the groups to the variance within the groups by taking the ratio of mean sum of squares to the error mean sum of squares. The higher F value for the H/D ratio shows that the variability is relatively large within group variability meaning their significant effect. The percentile contribution of individual parameter over the computed MRPI is identified from the ANOVA results and presented in Table 5 . The H/D ratio is the higher influencing parameter. In the order of ranking H/D ratio, number of helicoid vanes and swirl number are the influencing parameters.
CONCLUSION
An experimental investigation has been performed for studying the heat transfer characteristics of swirling and circular impinging jet on the flat surface. The multi objective optimization technique is used to analyze the experimental values. The following conclusions have been drawn  By increasing the H/D distance, the swirling flow produces relatively more uniform cooling with reduction in magnitude when compared with circular impinging jet.

The swirl effect is minimal in the region 0 ≤ r/D ≤ 0.7 at shorter H/D distance (H/D =1) for Sw = 0.75 and the heat transfer enhancement is due to increased turbulence and mixing of jet besides an increased jet velocity at exit whereas it is significant for Sw = 1.1.
The swirl effect and high flow velocity at the exit of triple helicoid entrain more ambient air on the impinging surface producing of higher average Nusselt number distribution compared with single and double helicoids of Sw = 0.75 and 1.1 at H/D = 2,3 and 4
The heat transfer peaks are more intense at higher Reynolds number in the stagnation region due to higher tangential component of velocity of the swirling jet and significantly move away in radial direction from the axis of the jet when the separation distances increases.
The presence of axial recirculation zone marginally affects the uniformity of Nusselt number distribution for the double and triple helicoids at high swirl number (Sw = 1.1) at H/D = 4 and it is evident for triple helicoids for Sw = 0.75 and 1.1 at H/D distance of 2,3 and 4 causing lower Nusselt number at the stagnation region.
The principle component analysis reveals that the performance index is relatively higher for double helicoid of Sw = 0.75 with higher H/D ratio and the ANOVA result shows that the H/D ratio contributes 52% on the output.
